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WIND-TUNNEL TESTS OF DUAL-ROTATING PROPELLERS WITH

SYSTEMATIC IXFFERENCES IN NUMBER OF BLADES

BLADE SETTING, AND Rotational SPEED OF

FRONT AND REAR PROPELLERS

By W. H. Gray

SUMMARY

The advent of dual-rotating propellers has created
a need for information concerning the effect of the
number of blades of the front and rear propellers, rela-
tive rotational sneeds, and small chances in the blade
angles of the rear ~ropeller. Results of aerodynamic
tests of seven-blade propellers, which were considered
as a ~oss.ible arrangement to avoid vibration difficul-
ties, are presented herein. Variations of relative
blade angle and rotatl.onal speeds of the front and rear
cnmoonents of a six-blade dual-rotating propeller were
also investi~ated. The test pragram was an extension
of previous work on dual-rotating propellers at the
NACA nropel.ler-research tunnel; the propeller blades
and t~st body were those used in the previous tests.

Tbe results indicated that envelope efficiencies
of a seven-blade nropeller with three blades In the
front hub and four in the rear were from.O to

1: percent lower than envelope efficiencies for the

six-blade dual-rotattng propeller; four blades in the
front hub and three in the rear resulted in efficien-

cies 1/2 to 3+ percent lower than those obtained with

the six-blade propeller. TMs conclusion applies to
blade-angle settings of the front and rear propellers
to absorb equal power at peak efficiency when the
rotational sneeds were held equal.
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Changes in rotational speed of the rear component
of a six-blade dual-rotating propeller to maintalu the
torque equal to thet of the front component over the
entire range @f advance-diameter ratio rather than only
at peak efficiency resulted In no appreciable effect on
efficiency for either the low- or high-speed condition.
The same conclusion was made for operation at constant
spegd ratios differing f%om unity by as much as t15 per-
cent. The rear blsde tinglsswere adjusted to provide
equal front and rear propeller torque for each ratio at
peak efficiency.

When the rear blade angles of the six-blade pro-
peller were adjusted to provide equal torque at values
of advance-diameter ratio other tkan that for peak
efficiency and when rotatl.oncl speeds of front and rear
blades were equal, the effect 011 efflclenc~ was ueglt-
gible except at peak efl’iciency, at which a higher rear
blade angle resulted in a higher efficiency.

‘The use of dual-rotating propellers introduces
complications Into the problem of propellei--performance
e~timationo Propeller diameter and the number of tlades
are the most lxnorta.nt parameters in tb.e selection of a
dual-rot~ting propeller to meet specific operating cm-
ditions. #-fter the ~~ber @f blades has bgen dacide~,
there still remain the differential olade angle and the
differential rotational speeds, which may be varied over
the operating range. Experiments have shmn that im-
provement in the vibration characteristics of dual-
rotatiri~propellers would also be desirable (reference 1}
At present, dual-rotating propellers consist of tv;ocom-
ponents having equal diamaters and number of blades and
operating at equal rotational s?eeds. Th9 use of’two
components havin~ differant numbers of’blades and
unequal rotational speeds might m6tgi5Glly reddce the
vibration. Aerodynamic effects of such a deviation
from standard practice remain to be establ~shed. The
results of tests of systematic variations in blade
number, differential blade setting, and differential
rotational speed ar~ presented .hergin. The effect of
unequal number of blades has been investigated by tests

—
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~ of .se.ven-blade_dual -.r.otat~~g,pr-opplle,rswith three blades
in the front and four in the rear and with four blades ““
in the front and three in the rear.

The operating modes contemplated for dual-rotating
propellers are those in which, throughout the operating
range, the speed of the rear propeller was continuously
ad$usted to keep the torque of the two propellers equal,
the speed of the rear propeller was held at a fixed ratio
to that of the front propeller, and the blade angle of
the rear propeller differed from that of the front pro-
peller by a fixed amount. These conditions have been
covered in this investigation for a six-blade dual-
rotating proaeller. These modes of operation cover the
most irportant variables relat~ng the front and rear
parts of dual-rotating propellers: number of blades,
blade angle, and rotational speed.

APPARATUS AND METHODS

The test setun was that used In previous tests of
dual-rotating pr~~ellers in the NACA grapeller-research
tunnel (reference 2!. A photograph cf’the setup with a
single-rotating nropeller is given in figure 1 and out-
line dimensions ars @Ven in figure 2. The symmetrical-
airfoil v:ing, shown in the photograph and the drawtng,
was in place for all the tests.

The propeller blades, for which blade-form curves
and the plan form are given In figure 3, were Hamilton
St~dard 315 -6 for the right-hand blades and Hamilton

2Standard 315 -6 for the left-hand blades. Both SiX-

and seven-blade propellers were mounted In two hubs
spaced 15 inches. The shape of the front spinner was
Identical with the one previously used (reference 2),
but the rear sninner was elongated ~ inches because the
front hub was moved forward to increase the spacing from
10 to 15 inches. This change required a slightly altered
spinner and forward body section to give a faired body.

b

A plot of the difference in blade-angle settings
for dual-rotating propellers of four to eight blades
for the condition of equal torque of front and rear
propellers at Desk efficiency is given in figure 4.

I — .—. ...
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Settings for the four-, six-, and eight-blade dual-
rotating propellers were those used in tests reported
in references 2 and 3.

The rotational speed of the front and rear pr~-
pellers was maintained equal. for both tlm seven-blade
and six-blade propellers for the investigation of the
effect of changes In rear blade angles only. The speed-
ratio and equal-torque tests, however, required a varla-
t!on of the front end rear prcpeller rotational speeds
that gave differences up to ~0 percent.

The limiting candfticms of tunnel speed (110 nrgh)
and propeller ratatlonsl sneed (550 rpm) resulted in a
tip speed below 300 feet per second and a Reynolds
number of about 1,009,000 for the 0.751’Isection, where
R is the nropeller radius. No effects of compressi-
bility, therefore, wml.d be expected.

RESULTS AND DISCUSSION

The results are presented in nondimensional form.
Coefflctents and symbols used are defined as follows:

CT

Cp

n

C8

V\nD

whers

T

P

thrust coefficient (T\&&I” )

power coefficient (P\pn3?)5)

un

propulsive efficiency ~ *

[[ )

,r m 5
speed-power coefficient — or m

Pn2 5 ~p
T

advance-diameter ratio

effective thrust, pounds

power abserbed by propeller, foot-pounds per
second
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& airsp.e.ed,.f~.et,
Iv

per sec,myl . . . . ..... .. . ..

in propeller rotational speed, rps
:.

D propeller diameter, feet

P mass density of air, slugs per cubic foot

P~ front blade angle at 0.75R

h rear blade angle at 0.75R

CPF power csefficlent for front propeller

CPR power coefficient for roar prapeller

The effective thrust is the neasured thrust of the
propeller-body corbin~tion plug the drag of the body
without a propeller.

~or tests In which the rotation!ll speed of the
two cmnonants differed, tinefollowing coefficients
based on the rotational speed of tha front proneller
were used:

P
cP=— ~F3D5

:,

Cp =
1?

CPR=

where

%

YF3~5
2~&J

~3D5

front-propeller rotational speed, rns

5
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‘R
rear-propeller rotational speed, rps

QF front-propeller to~ue, foot-pounds

QR rear-Propeller torque, faot-pounds

It will be seen that these coefficients reduce

No. L@22

to the
usual ones for the condition cf equal rotational speed
of frant and rear co~L~onent~.

The figures showing propeller characteristics and
efficiency comparisons are given in table I.

Seven-blade propeller. - The tests of seven-blade
propehers were made with the two posstble combinations
of three blades In the front hub and four in the rear
(designated hereinafter the three-four combination) and
four blades in the front hub and three in the rear
(designated the four-three combiaatlon) . Rotational
speeds of front and rear components were maintained
equal throu@out the tests. The blade angles of the
front and roar pro~ellers were set to abs~rb equal
pow9r at peak efficiency.

The characteristic curves for the seven-blade
propellers are given in fl ures 5 to llJ.

2
The curves

of CT and C (f~gs. 5, 10, and 11) Indicate a
more gradual ~tall for the ;hree-four combination than
for the four-three combination. This stall Is more
gradual probably because the larger number of blades
requires a lower rear blade angle, which results in a
lighter loading of the inboard sections of the rear
propeller for the three-four combination.

The efficiency envelopes for the two combinations
.

(fig. 15) are only from O to 3+ percent lower than for

the six-blade dual-rotating propeller in tin~tractor
condltlon (from referance 2). The effj.ciency envelope
of’the three-four combination varied from n~ higher at

a front blade an@e of 2CIoto 1$ per~ent higher at 60°

then the.envelope for the four-three c~l~bination
(fig. 15). A comparison of efficiencies on a basis of
constant Cp (fig. 16) indicated little or no con-
sistent relationshi~ between the efficiency.curves
except for the condition of peak efficiency shown by
the envelopes of figure 15.

. . ..— I
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Equal-torque tests:- In previous tests of six-blade
dual~rotatimg: propel.lers--(reference 2),. t?’1~-.~o.$.ational
speeds were maintained equal throughout the test &d thk
rear blade angles were adjusted to attain equal torque
at peak efficiency. In the present investigation, tests
were made to determine the effect of varying the speed
of the rear com~onent to maintain equal torque through-
out the range of /v n~ as well “as at peak efficiency;
the blade angles were the same as in the tests of ref-
erence 2. These tests may therefore be compared with t
the tests of reference 2 for peak efficiency. The
V\nD Intercepts of the thrust curves must coinoide in
order that the curves obtained from the present tests may
be compared with results obtained from previous tes s.
The intercepts did coincide for nlade angles of 20~

and 3a*. The interce~ts differed slightly, however, for
the blade angles of ~:~”, 50a, end 60° and new thrust- and
Dower-coefficient curves (figs. 17 and 15) were obtained
from Interpolation ~y assuming that the slight shift
was equivaler.t to an effective. shift in blade angle.
The individual power-coefficl.ent curv6s obtained fr~i~

test deta without interpolation are presented In fig-
ure lq.

??ewefficiency curves for the blade angles of ~~”,
~O@, and @o were cmrpute,d and glotted fro~-the j.nter-
polated thrust- Rnd.oower-goefflslent curves, so that
all efficiency plots on fl.k:ure23 are effectively those
for the csrrespmding blade &ngles used jn the previous
tests. Only a sli~ht tncrease in efficiency due to
adjusting the propeller speed to provide equal torque
Is indicated in the range of climb. ~ecause the present
cond?.tion of testing Is the same as the previous con-
dition at peak efficiency, the efficl.ency envelopes
from the two sets of tests should coincide. There is a

difference of 1 to 1~ percent between the envelopes

(fig. 21) ; the envelo~e obtained from the equal-torque
tests is lower. This difference Is within the limit of
agreement that can be expected of tests intended to
reproduce conditions of much earlier tests.

8
Speed-ratio tests.- Adjustment of the rotational

speed of one component of a dual-rotat:ng propeller
withtn small limits should provide adequate means for
control of front- and rear-propeller operating con-
ditions; that is, equal power absorption could be

— —
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obtained for any of the various conditions of flight.
Tests at constant v=lues of the speed ratio were mde with
the six-blade dual-rotating propeller. The front blade
angle was set at ~0° and the rear blade angle was adjusted
to provl.de equal torque at peak efficiency. The character-
istics for rotational-speed ratios from 0.85 to 1.15
(figs. 22 and 23) indicated no appreciable effect on
efficiency.

Fi.@.re2)+1s a cross plot of the characteristics
and indicates the manner in which the torque ratio
changes with speed ratio. At a V\nD of 0.7, decreasing
the speed of the rear qropellor 30 percent decreased the
rear-propeller ~.orqueand increased the torque ratio
QF/’QR by 9 Percent-

31ade-an@e tests.- The effect of a fairly large
difference in rear blade angle with equal front and rear
rotational speeds was investigated for a blade-angle
range of 20° to 60°. Figures 25 to 34 present the char-
acteristic curves of these tests. As would be expected,
a decrease In raar blade angle, corresponding to an
increasing inability to remove the rotation imparted to
the slipstream by the front propaller, resulted in
decreas~d efficiency; the higher the front blade angle,
the larger the difference.

For each value of front blade angle a value of rear
blade angle was selected such that equal torque would be
absorbed by front and rear propellers approximately at
a V\nD for peak efficiency. Other rear blade angles
were then selected to give equal power absorption at
values of /V nD below the value for peak efficiency
and down to values that would occur In the climb con-
dition. Tflthin the experimental accuracy there was
apv.arentlyno effect on the power abs~rption of the
fr;nt propeller due to a shift in blade angle of the
rear propeller. For each value of front blade angle,
therefore, only one fatred average curve cf C= for

the front propeller was used (figs. 26, 28, 3;, 32,
and 34).

The three envelopes of figure 35 have been obtained
by fairlng envelopes through the peaks of efficiency
curves obtained from blade-angle settings giving equal
front and rear power absorption at 0.35, 0.65, and 1.00
times the value of V\nD for peak efficiency. These
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!! envelopes emphasize the necessity for readjusting theL
~“. “-”””bladeangles to those .?roviding equal.p~ye,r,.ab.sO~tlOn

I

at V/nD for peak efficte.ncy, when the propeller i’s
operating In the high-speed range. Except for the high-

!.: speed condition, there was little apparent effeot of
,“ blade-angle change; figure 36 (CT at constant Cp)
,,):.. shows little deviation except at V/nD for peak effi-

ciency”(for “examgle, at V/nD of approx. 3.6 for

CP = 0“4).

l?lgures37 to 39 are cross-plotted data of thrust-
power ratio against CP for the conditions of Cpm=Cp=

at 0.35, 0.65, and 1.00 times the value of V/nD f~r n
peak efficiency. ??ie curve for a V/nD of 2.5 appears
to be somewhat in error, especially in figure 37, and
should be lower. The error Is experimental, however,
and could not be fajred out. Sunerpositlon of these
plots again showed thst at constknt CD snd V/nD
there was little or no effect of hlade~ungle dlffe?%nce
on thrust-oower ratio (or efflcienc~ at constent power)
until the hlugh values of 17/119 were reached.

CONCLQDTNG REMARKS

Tests were made of a six- and a seven-blade dual-
rotating propeller of the same siza and blsde design.
The seven-blade propeller was tested with three blades
In the front hub and four in the rear (three-four com-
bination) and with four blades in the front hub and
three in the rear (four-three combination).

1. The results af tests at equal rotational speeds
with the blade angles of the front and rear components
of the seven-blade propeller adjusted to give equal
power absorption at peak efficiency may be summarized
as follows:

.-
(a) Peak efficiencies were from O to 3+ per-

cent less than for the similar six-blade dual-
rotating aropeller, depending on blade-angle
setting and the type of seven-blade combination.

..
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(b) Peak efficiencies of the three-four corn-

bination were from O ta 1: percent higher than .

“ those of the four-three c~mbination, depending on
the blade-angle setting.

(c) There was no appreciable difference in
efficiencies of the two combinations except in the
range of advance-dtameter ratio near peak efficiency.

2. For the six-bl~de dual-rotating propelle~,
adjusting the speed of the rear component to maintain
its torque equal to that of the front component had no .
significant effect on efficler.cy.

3. For the six-blade dual-rotating propeller at a
blade angle ~f ~V20, operating at fixed values of rotational-
speed r~tio from 0.~5 to 1.15 had no considerable effest
on efficiency when the rear blads cngle was set to give
a torque equal to that of the front prmpeller at peak
efficiency.

L. For a s~x-blade dual-rotating propeller at equal
rotational speeds of f~ont and rear components, changes
in rear blade anqie did not affect the low-speed (take-
off and cllmb! operating efficiency but reducing the rear
blade angle dldrdsult in a lower high-speed efficiency.
The effect was greater at the hl@ler frant blade angles.

Lan@ey Memorial Aeronautical Labora-tory,
National Advisory Committee $or Aeronautics,

Langley Field, Vs., I ..
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TABLE 1.- PROPELLER CHAFL4CTERISTICSAND EFFICIENCY COMPARISONS :
:
~

?Wmber of
pF at

Figure
M ades 0.75R Test condition Types of c&e

(deg)

j

5t09 7 10 to 60
5 blades In front hub,
~ blades In rear hub

Propeller
oharacteristic,8

10 to 14 7 20 to &l
4 blades In front hub, Propeller ~
j blades in rear hub characterlstlqs

15 and16 7 -------- 3oth combinations Efficiency comparison

17 to 20 6 20 to 60 Equal torque .
Propeller ‘

characteristics

21 6 -------- Equal torque, equal speed Efficiency comparison

22 to24 6 40 Speed ratio
Propeller

characteristics

25 tO 34 6 20 to 60
Change in rear blade Propeller ~

angle characteristics

35 6 -------- --do-- Efficiency comparison

36 6 --do-- CT at const~t Cp--------

37 to3$l 6 --do--
Thrust-power ratio-------- plotted againgt Cp

-—--—-——.
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Figure l.- Test setup. Six-blade single-rotating propeller with wing.
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